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(57) ABSTRACT

A comparing/judging unit 125 of a video encoding apparatus
compares, prior to encoding each 1image data, the predictive
amount of codes accumulated 1n a receiver bufler of a
decoding apparatus with a threshold that 1s set for a picture
type of a picture to be obtained by encoding the image data.
The comparing/judging unit 125 judges, when the predictive
amount 1n the receiver buffer 1s below the threshold, that
encoding the image data 1s to be skipped, and makes the
DCT unit 113 cancel the encoding process. The comparing/
judging unit 125 then outputs an all-skip picture in which all
macroblocks except a first macroblock and a last macrob-
lock 1n each slice layer are skipped macroblocks from a
SKIP picture storage memory 126.
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FIG. 4A

NORMAL
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FIG. 4B
PICTURE SKIPPED
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FIG. 6A
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FIG.8
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FIG. 11
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FIG.12
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FIG. 16
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FIG. 18
BIT STREAM STRUCTURE (B-PICTURE) OF MPEG2
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VIDEO ENCODING APPARATUS THAT ADJUSTS
CODE AMOUNT BY SKIPPING ENCODING OF
IMAGE DATA

BACKGROUND OF THE INVENTION
[0001] (1) Field of the Invention

[0002] The present invention relates to a video encoding
apparatus and particularly to the video encoding apparatus
that adjusts the amount of codes by skipping encoding of
image data.

0003] (2) Related Art

0004] In video encoding according to the MPEG stan-
dards, the amount of codes 1s controlled by predicting the
amount of pictures to be accumulated 1n a receiver builer of
a decoding apparatus. This 1s referred to as control of the

code amount performed by the Video Builering Verifier
(VBV) model.

10005] FIG. 1A shows changes of the predictive accumu-
lation amount of the receiver butler. As shown 1n the figure,
pictures are inputted 1n the receiver bufler at a predetermined
bit rate. At the time indicated by DTS (Decoding Time
Stamp), one picture is outputted from the receiver buffer for
being decoded. If the decoding apparatus has a display unit
adopting NTSC (National Television System Committee)
format, DTS 1s set at every Y50 seconds when one frame 1s
allocated to one picture, and when one field 1s allocated to
one picture, DTS 1s set at every Yo seconds. Also, 1f the
decoding apparatus has a display unit adopting PAL (Phase
Alternation Line) format, DTS is set at every Y2s seconds
when one frame 1s allocated to one picture, and when one
field 1s allocated to one picture, DTS 1s set at every 5o
seconds.

[0006] Normally, when D1 denotes the amount of bits
ogenerated for decoding a picture at DTS1, the predictive
accumulation amount of the receiver buller decreases from

V1 to V1*(=V1-D1) at DTS1 as shown in FIG. 1A.

0007] The VBV model controls the amount of codes so

that the predictive accumulation amount of the receiver
buffer does not cause an overflow or an undertlow.

[0008] In some circumstances, i.e. during scene changes,
an underflow of the receiver builer may occur due to a
sequence of pictures which each require a large amount of
bits, as shown 1n FIG. 1B. When D3 denotes the amount of
bits generated for decoding a picture at D'TS3, the predictive
accumulation amount of the receiver bufler 1s below zero at
DTS3 since V3-D3<0. This phenomenon happens because
the picture to be decoded at DTS3 1s yet to be mputted 1n the
recerver builer. To avoid such an undertlow of the receiver
buifer, the quantization scale 1s increased so as to decrease
the generation bit amount.

[0009] On the other hand, an overflow of the receiver
buffer may occur due to a sequence of pictures which each
require a small amount of bits, as shown 1n FIG. 1C. When
the predictive accumulation amount of the receiver buifer
prior to decoding at DTS3 is V3 (=V2*+R, where R is the
amount of bits inputted into the receiver buifer of the
decoding apparatus, in other words, the amount of bits
transmitted from the encoding apparatus to the receiver
buffer, during each time interval of DTS (the time interval
between decoding of two consecutive pictures)), V3 exceeds
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the storage capacity of the receiver buifer. To avoid such an
overflow of the receiver bufler, the quantization scale is
decreased so as to increase the generation bit amount.

[0010] However, when the generation bit amount 1S sig-
nificantly decreased by increasing the quantization scale to
prevent an underflow, image quality will be deteriorated. To
prevent such deterioration, the following methods are con-
ventionally employed along with the adjustment of the
quantization scale.

[0011] The first method uses so called skipped macrob-
locks. According to the MPEG standards, encoding is per-
formed on a macroblock basis, the macroblock being a block
of 16x16 pixels. A skipped macroblock 1s a macroblock
composed of a special code indicating to display an image
that 1s 1dentical to the reference 1mage at the location, and its
data amount 1s extremely small. Accordingly, when an
underflow 1s likely to occur, skipped macroblocks are trans-
mitted instead of performing normal encoding of the original
image.

[0012] However, the above method is problematic because
a macroblock that 1s not a skipped macroblock shows a part
of the original image, and a skipped macroblock shows a
part of the reference image, which makes the reconstructed
image lack 1n consistency as a whole.

[0013] FIG. 2A shows examples of images displayed in a
normal case.

10014] FIG. 2B shows examples of images displayed
when a skipped macroblock 1s used. In FIG. 2B, as a
skipped macroblock 1s not used for the upper macroblock of
the second frame, a part of the original image of the second
frame 1s displayed in the upper macroblock. On the other
hand, as a skipped macroblock 1s used for the lower mac-
roblock of the second frame, a part of an 1mage displayed in
the lower macroblock of the first frame 1s also displayed in
the lower macroblock of the second frame. This makes the
reconstructed 1image 1n the second frame lack 1n consistency
as a whole.

[0015] The second method is to encode pseudo image
data. Pseudo 1mage data 1s image data whose pixel values
are medians of possible pixel values. As one example, when
a pixel value 1s expressed in eight-bit, 1ts median 1s 128.
According to the MPEG standards, the difference between
cach pixel value of the image data and 1ts median 1s encoded,
and so the amount of data resulting from encoding such
image data whose pixel values are medians becomes mini-
mum. Accordingly, when an underflow 1s likely to occur, on
a macroblock basis, 1image data of the macroblock whose
pixel values are medians may be encoded instead of per-
forming normal encoding on the macroblock.

[0016] However, the problem with the above method is
that a gray-colored 1image 1s displayed where the image data
whose pixel values are medians has been encoded.

10017] FIG. 2C shows examples of images displayed
when a pseudo 1mage 1s used. In the second frame, a part of
the original 1mage 1s displayed i1n the upper macroblock
since normal encoding has been performed therecon. On the
other hand, a gray-colored 1mage 1s displayed in the lower
macroblock where pseudo 1mage data has been encoded.
This makes the reconstructed image 1n the second frame lack
In consistency as a whole.
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[0018] By the way, Japanese Patent No. 2871316 discloses
a method for skipping encoding of image data of one field
or one frame (hereafter referred to as “skipping a picture”)
FI1G. 3 shows the construction of a video encoding apparatus
disclosed 1n Japanese Patent No. 2871316. Referring to the
overall construction of this video encoding apparatus, input
moving 1mage data 1s subjected to an encoding process
performed by an orthogonal transformation circuit 6 and
other units, and generated pictures are stored in a buifer
memory 20. When a transmission rate excess judging circuit
24 judges that a transmission rate of each picture exceeds a
predetermined threshold, a SKIP code stored i a SKIP code
storage memory 22 1s outputted, or when the judgment result
of the transmission rate excess judging circuit 24 1s negative,
the picture stored in the bufler memory 20 1s outputted.

[0019] According to the method described above, when a
picture 1s to be skipped, not only macroblocks occupying a
part of the picture but also all the macroblocks except a first
and a last macroblock 1 each slice layer are replaced with
skipped macroblocks. This enables a decoding apparatus to
display an image that 1s 1dentical to a previously decoded
image, avolding displaying such an i1mage that lacks in
consistency as described above.

10020] However, the above method has the following
problems.

[0021] The first problem is that the buffer memory 20
shown 1n FIG. 3 1s necessary for temporarily storing gen-
crated pictures for the judgment whether the amount of each
generated picture exceeds the transmission rate. In more
detail, when the judgment 1s performed on each macroblock
as to whether encoding an 1mage of each macroblock is to
be skipped as described above, a bufler with a small capacity
can be provided for storing data encoded on a macroblock
basis. However, with the present method, each picture as a
whole 1s subjected to the judgment as to whether the picture
1s to be skipped, which requires a buffer with a large capacity
for storing encoded data of all the macroblocks included 1n
the picture.

10022] The second problem is that there is a case where the
order of 1mages displayed in an interlaced scan format is
reversed when some of the pictures are skipped, in a case
where one frame is allocated to one picture (frame struc-
ture).

10023] FIG. 4A shows images displayed in a normal case
where no picture 1s skipped. Reference numerals 17 and 15
respectively represent a top field and a bottom field of the
first frame. In the frame structure, an encoding process 1s
performed on a frame basis, each frame being composed of
a top field and a bottom field. In this case, the decoding
apparatus performs a decoding process on one frame at
every 30 seconds. As the interlaced format 1s applied to its
display, one field 1s displayed at every %so seconds. That 1s

to say, fields 1z, 1b, 2¢, 2b, 3¢, 3b, 4, and 4b are displayed
in the stated order.

10024] FIG. 4B shows images displayed in a case where
a picture 1s skipped.

[0025] When skipping occurs to a picture B(3) in the
frame 2, an image 1dentical to the picture I(1) that is referred
to by the picture B(3) is displayed in the frame 2 where the
original image is encoded to be the picture B(3).
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[0026] Accordingly, the top field of the frame 2 displays
the same 1mage as the top field It of the frame 1. The bottom

field of the frame 2 displays the same 1mage as the bottom
field 1b of the frame 1. As they are displayed in the

interlaced format, the fields 1z, 1b, 1z, 1b, 3¢, 3b, 41, 4b are
displayed 1n the stated order respectively at Y60 seconds. In
this way, the field 1t 1s displayed after the ficld 15, causing
a reversal 1n the display order of.

SUMMARY OF THE INVENTION

[10027] In view of the above problems, the object of the
present mvention 1s to provide a video encoding apparatus
that makes a special bufler for the judgment whether a whole
picture 1s to be skipped unnecessary and that does not cause
a reversal 1n the display order of 1mages even when a whole
picture 1s skipped.

[0028] The above object can be achieved by a video
encoding apparatus that encodes a sequence of 1mage data
while predicting an accumulation amount of a receiver
buffer in a decoding apparatus, each 1mage data forming one
frame or one field, the video encoding apparatus including:
a comparing unit for comparing, prior to encoding of each
image data, a predictive accumulation amount with a pre-
determined threshold, the predictive accumulation amount
being an amount of data predicted to be accumulated 1n the
receiver bulfer by the time when data obtained by encoding
the image data is decoded; and skipping unit for (a) cancel-
ing the encoding of the image data and (b) usmg a proxy
code as data that 1s fetched from the receiver buifer at the
decoding time, if the amount of data 1s below the predeter-
mined threshold, the proxy code indicating to display image
data that 1s 1dentical to previously decoded 1mage data.

[10029] With this construction, the judgment as to whether
encoding of each image data 1s to be skipped or not is
performed prior to the encoding of the 1mage data, and so a
spe(:lal buffer for temporarily storing encoded data of the
image data for the judgment as to whether the predictive
accumulation amount of the receiver builer 1s below a
threshold becomes unnecessary.

[0030] Here, the video encoding apparatus may further
include a threshold setting unit for setting a threshold for a
picture type of a picture that 1s obtained by encoding the
image data, the picture type being one of an I-picture, a
P-picture, and a B-picture

[0031] With this construction, an appropriate threshold for
cach picture type can be set 1n consideration of a different
code amount due to a different encoding method of each of
an I-picture, a P-picture, and a B-picture.

[0032] Here, the skipping unit (a) uses an all-skip B-pic-
ture as the proxy code when the picture type 1s a B-picture,
the all-skip B-picture being a B-picture in which macrob-
locks 1n all slice layers except a first macroblock and a last
macroblock in each slice layer are skipped macroblocks, and
(b) uses an all-skip P-picture as the proxy code when the
picture type 1s an I-picture or a P-picture, the all-skip
P-picture being a P-picture in which macroblocks 1n all slice
layers except a first macroblock and a last macroblock in
cach slice layer are skipped macroblocks.

[0033] With this construction, using skipped macroblocks
of MPEG, a proxy code indicating to display image data that
1s 1dentical to previously decoded 1mage data can be gen-
erated.
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10034] Here, the threshold is a predictive code amount of
the picture.

[0035] According to this construction, a predictive code
amount of a picture of each of an I-picture, a P-picture, and
a B-picture 1s set as the threshold for the picture. This
ensures that an underflow of the receiver buller is prevented.

[0036] Here, the threshold setting unit calculates a vari-
ance of pixel values of the image data, and sets a higher
threshold for a higher calculated variance.

[0037] With this construction, the higher the variance of
the pixels contained in the 1mage data, the larger the code
amount of the 1mage data in general. Therefore, by setting a
higher threshold for a higher variance, preventing an under-
flow of the receiver buffer 1s further ensured.

|0038] Here, the threshold setting unit sets a higher thresh-
old for a higher activity ACT of an original 1mage, the
activity ACT being a sum of activities act of all macroblocks
included 1n the original 1mage, an activity act being
expressed by the equation act.=1+VAR. where VAR 1s a
minimum value among variances of pixel values of the
original 1mage 1n each of eight blocks that form a macrob-
lock 1, the eight blocks being composed of four blocks 1n a
frame DCT mode and four blocks 1n a field DCT mode, and

act 1s an activity of the macroblock j.

10039] With this construction, the higher the activity of
image data, the larger the code amount of the image data in
ogeneral. Therefore, by setting a higher threshold for a higher
activity of the image data, preventing an undertlow of the
receiver bufler 1s further ensured.

10040] Here, the threshold setting unit sets a predictive
code amount of each of an I-picture and a P-picture as the
threshold for each of an I-picture and a P-picture, and sets
a value larger than a predictive code amount of a B-picture
as the threshold for a B-picture.

[0041] With this construction, the threshold for a B-picture
1s set as a value larger than the predictive code amount of a
B-picture. This makes a B-picture more likely be skipped,
and accordingly, 1t becomes less likely that an I-picture or a
P-picture that 1s referred to by other pictures 1s skipped. This
can prevent same i1mages from being displayed consecu-
fively.

[0042] Here, when M =2, M representing an appearance
cycle of an I-picture or a P-picture, the threshold setting unit
sets: a threshold T1 of an I-picture as Ti=Ei; a threshold Tp
of a P-picture as Tp=Ep; a threshold Tb(i) of a B-picture
immediately preceding an I-picture in an encoding order as
Tb(i1)=Eb+(Ei-R) when (Ei-R)=0, and Tb(i)=Eb when (Ei-
R)<0; and a threshold Tb(p) of a B-picture immediately
preceding a P-picture in the encoding order as Tb(p)=Eb+
(Ep-R) when (Ep-R)Z0, and Tb(p)=Eb when (Ep-R)<0,
where Ei1 1s the predictive code amount of an I-picture, Ep
1s the predictive code amount of a P-picture, Eb 1s the
predictive code amount of a B-picture, and R 1s a transmis-
sion bit amount during each decoding time interval.

[0043] With this construction, the threshold for a B-picture
immediately preceding an I-picture or a P-picture in the
encoding order 1s set based on a predictive code amount of
an I-picture or a B-picture, to prevent an I-picture or a
P-picture from being skipped.
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[0044] Here, when M=3, M representing an appearance
cycle of an I-picture or a P-picture, the threshold setting unit
sets: a threshold T1 of an I-picture as Ti=Fi; a threshold Tp
of a P-picture as Tp=Ep; a threshold Tb2(i) of a B-picture
B2(i) immediately preceding an I-picture in an encoding
order as Tb2(1)=Eb+(Ei-R) when (Ei-R)=0, and Tb2(i)=Eb
when (Ei-R) <0; a threshold Tb1(i) of a B-picture B1(i)
immediately preceding a B-picture B2(1) in the encoding
order as Tb1(1)=Eb+(Tb2(1)-R)) when (Tb2(i)-R)=0, and
Tb1(1)=Eb when (Tb2(1)-R)<0; a threshold Tb2(p) of a
B-picture B2(p) immediately preceding a P-picture in the
encoding order as Tb2(p)=Eb+(Ep-R) when (Ep-R)=Z0, and
Tb2(p)-Eb when (Ep-R) <0; and a threshold Tb1(p) of a
B-picture B1(p) immediately preceding a B-picture B2(p) in
the encoding order as Tbl(p)=Eb+(Tb2(p)-R) when
(Tb2(p)-R)=0, and Tb1(p)=Eb when (Tb2(p)-R)<0, where
E1 1s the predictive code amount of an I-picture, Ep 1s the
predictive code amount of a P-picture, Eb 1s the predictive
code amount of a B-picture, and R 1s a transmission bit
amount during each decoding time interval.

[10045] With this construction, the threshold for a B-picture
immediately preceding an I-picture or a P-picture in the
encoding order and for a B-picture immediately preceding
the B-picture 1 the encoding order are set based on a
predictive code amount of an I-picture or a B-picture, to
prevent an I-picture or a P-picture from being skipped.

[0046] Here, when M=3, M representing an appearance
cycle of an I-picture or a P-picture, the threshold setting unit
sets the threshold of a B-picture B2 immediately preceding
an I-picture 1n an encoding order, higher than the threshold
of a B-picture B1 immediately preceding the B-picture B2 in
the encoding order.

[0047] With this construction, skipping a B-picture to
avold skipping an I-picture or a P-picture 1s likely to occur
immediately before an I-picture or a P-picture. As a resullt,
unnecessary skipping of a B-picture at a point where 1t 1s
highly uncertain whether an I-picture or a P-picture needs to
be skipped, that 1s to say, at a point where the prediction of
the accumulation in the receiver bufler at the decoding time
involves a number of predictions, can be avoided.

[0048] Here, when M=3, M representing an appearance
cycle of an I-picture or a P-picture, the threshold setting unit
sets: a threshold T1 of an I-picture as Ti=FEi; a threshold Tp
of a P-picture as Tp=Ep; a threshold Tb2(i) of a B-picture
B2(i) immediately preceding an I-picture in an encoding
order as Tb2(1)=Eb+(Ei-R) when (Ei-R)=0, and Tb2(i)=Eb
when (Ei-R) <0; a threshold Tb1(1) of a B-picture B1(i
immediately preceding a B-picture B2(1) in the encoding
order as Tb1(1)=Dbskip+(Tb2(1)-R)) when Dbskip+
(Ib2(1)-R)ZEb, and Tbl(1))=Eb when Dbskip+(Tb2(1)-
R))<EDb; a threshold Tb2(p) for a B-picture B2(p) immedi-
ately preceding a P-picture in the encoding order as Tb2(p)=
Eb+(Ep-R) when (Ep-R)Z0, and Tb2(p)=Eb when (Ep-
R)<0; and a threshold Tbl(p) of a B-picture Bl(p)
immediately preceding a B-picture B2(p) in the encoding
order as Tbl(p)=Dbskip+(Tb2(p)-R) when Dbskip+
(Tb2(p)-R) ZEDb, and Tb1l(p)=Eb when Dbskip+(Tb2(p)-
R)<Eb where FEi is the predictive code amount of an I-pic-
ture, Ep 1s the predictive code amount of a P-picture, Eb 1s
the predictive code amount of a B-picture, R 15 a transmis-
sion bit amount during each decoding time interval, and
Dbskip 1s a code amount of an all-skip B-picture.
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[0049] With this construction, a Bl -picture is skipped only
when a B2-picture 1s skipped to avoid skipping an I-picture
or a P-picture. Therefore, unnecessary skipping of a B1-pic-
ture at a point where it 1s highly uncertain whether an
I[-picture or a P-picture needs to be skipped, that is to say, at
a point where the prediction of the accumulation in the
receiver bufler at the decoding time the P-picture involves a
number of predictions, can be avoided.

[0050] The above object can also be achieved by a video
encoding apparatus that encodes a sequence of 1mage data
while predicting an accumulation amount of a receiver
buffer in a decoding apparatus, each image data forming one
frame or one field, the video encoding apparatus including:
a threshold setting unit for setting, after encoding each
image data, a threshold according to a picture type of the
encoded 1mage data 1n a case where MZ2, M representing
an appearance cycle of an I-picture or a P-picture, as the
following, a threshold 11 1n a case where the 1mage data 1s
encoded to be an I-picture 1s set as Ti=Di1, where D1 1s a
predictive code amount of the I-picture, a threshold Tp 1n a
case where the 1mage data 1s encoded to be a P-picture 1s set
as Tp=Dp, where Dp 1s a predictive code amount of the
P-picture, a threshold Tb(i) in a case where the image data
1s encoded to be a B-picture immediately preceding an
[-picture in an encoding order is set as Tb(1)=Dp+(Ei-R)
when (Ei-R)20, and Tb(1)=Dp when (Ei-R) <0, where Db
1s a predictive code amount of the B-picture, E1 1s a
predictive code amount of the I-picture, and R 1s a trans-
mission bit amount during each decoding time interval, and
a threshold Tb(p) in a case where the image data is encoded
to be a B-picture immediately preceding a P-picture in the
encoding order is set as Tb(p)=Dp+(Ep-R) when (Ep-
R)Z0, and Tb(p)=Dp when (Ep-R)<0, where Db is a
predictive code amount of the B-picture, Ep 1s a predictive
code amount of the P-picture, and R 1s a transmission bit
amount during each decoding time interval; a comparing
unit for comparing, after encoding the image data, a predic-
five accumulation amount with the threshold, the predictive
accumulation amount being an amount of data predicted to
be accumulated 1n the receiver buffer by the time when data
obtained by encoding the 1mage data 1s decoded; and a
skipping unit for using a proxy code as data that 1s fetched
from the receiver buifer at the decoding time, if the amount
of data 1s below the threshold, the proxy code indicating to
display 1mage data that 1s identical to previously decoded
image data.

[0051] With this construction, it becomes less likely that
an I-picture or a P-picture 1s skipped. Also, a threshold 1s not
set as a predictive code amount of a picture but as a value
larger than an actual code amount of the picture. This
ensures that an underflow of the receiver bulfer is prevented.

[0052] The above object can further be achieved by a

video encoding apparatus that encodes a sequence of 1mage
data m a frame structure, each 1mage data forming one
frame, 1including: a comparing unit for comparing, prior to
encoding of each image data, one of (a) a predictive accu-
mulation amount of a receiver buifer in a decoding apparatus
and (b) an accumulation amount of an output buffer, with a
predetermined standard value, the predictive accumulation
amount being an amount of data predicted to be accumulated
in the receiver buffer; a skipping unit for (a) canceling the
encoding of the image data in the frame structure and (b)
substituting a proxy code indicating to display two fields that
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cach are 1dentical to one of a top field and a bottom field of
previously decoded image data, for data that 1s obtained by
encoding a top field and a bottom field of the image data, it
the amount of data 1s below the predetermined standard
value.

[0053] Usually, when encoding of image data is skipped,
the allocation of pictures 1s switched to the field structure,
and so each field of skipped image data can refer to either a
top field and a bottom field. According to the above con-
struction, however, the frame structure 1s maintained even
when the encoding of the 1mage data 1s skipped, and
therefore, a reversal 1n the display order of images can be
prevented.

[0054] Here, the skipping unit uses the proxy code indi-
cating to display the two fields that each are 1dentical to the
field that 1s the nearest, in a display order, to each of the top
field and the bottom field of the 1mage data which has been
canceled to be encoded 1n the frame structure, the field being
selected out of the top field and the bottom field of the
previously decoded 1mage data.

[0055] With this construction, each field in the image data
for which encoding has been skipped uses a nearest field in
the display order as a reference field. As a reference field of
the top field in the 1image data for which encoding has been
skipped 1s never displayed after a reference ficld of the
bottom field 1 the skipped image data, the reversal i the
display order of 1mages can be surely prevented.

[0056] Here, when the image data which has been can-
celed to be encoded 1n the frame structure 1s encoded to be
a B-picture, the skipping unit uses two all-skip B-pictures
that each are a B-picture in which macroblocks in all slice
layers except a first macroblock and a last macroblock in
cach slice layer are skipped macroblocks as the proxy code,
and when the 1mage data which has been canceled to be
encoded 1n the frame structure 1s encoded to be an I-picture
or a P-picture, the skipping unit uses two all-skip P-pictures
that each are a P-picture 1n which macroblocks 1n all slice
layers except a first macroblock and a last macroblock in
cach slice layer are skipped macroblocks as the proxy code.

[0057] With this construction, using skipped macroblocks
of MPEG, a proxy code indicating to display image data that
1s 1dentical to previously decoded image data can be gen-
erated.

[0058] Here, (a) each all-skip P-picture used by the skip-

ping unit when the 1mage data which has been canceled to
be encoded 1n the frame structure 1s encoded to be an
[-picture or a P-picture uses a bottom field of a previously
displayed I-picture or P-picture as a reference field, (b) each
all-skip B-picture used by the skipping unit when the 1mage
data which has been canceled to be encoded in the frame
structure 1s encoded to be a B-picture B1 uses a top field of
a previously displayed I-picture or P-picture as a reference
field, and (c¢) each all-skip B-picture used by the skipping
unit when the 1image data which has been canceled to be
encoded 1n the frame structure 1s encoded to be a B-picture
B2 uses a top field of a successively displayed I-picture or
P-picture as a reference field.

[0059] With this construction, an all-skip picture that
designates an appropriate reference field 1s selected depend-
Ing on a picture type, and so the reversal 1n the display order
can be avoided easily and appropriately.
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[0060] Here, when the 1image data which has been can-
celed to be encoded 1n the frame structure 1s encoded to be
an I-picture or a P-picture, the skipping unit cancels encod-
ing of 1mage data encoded to be a B-picture immediately
following the I-picture or the P-picture in the display order,
and substitutes two all-skip B-pictures that each use a
bottom field of a previously displayed picture as a reference
field, for data obtained by encoding the top field and the
bottom field of the image data.

[0061] With this construction, when sKipping a P-picture
or an I-picture occurs, each field in 1mage data of a B-picture
that refers to the P-picture or the I-picture refers to same
fields that are referred to by the fields 1n the skipped image

data. Accordingly, the reversal 1n the display order can be
prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0062] These and other objects, advantages and features of
the invention will become apparent from the following
description thereof taken 1n conjunction with the accompa-
nying drawings that illustrate a specific embodiment of the

invention. In the drawings:

[0063] FIG. 1A shows changes of the predictive accumu-
lation amount of a receiver buffer;

10064] FIG. 1B shows an example of an underflow of the

predictive accumulation amount of the receiver buifer;

10065] FIG. 1C shows an example of an overflow of the
predictive accumulation amount of the receiver builer;

[0066] FIG. 2A shows examples of images displayed in a
normal case;

10067] FIG. 23 shows examples of images displayed in a
case where a skipped macroblock 1s used;

[0068] KIG. 2C shows examples of images displayed in a
case where a pseudo 1mage 1s used;

[0069] FIG. 3 shows a construction of a video encoding
apparatus disclosed in Japanese Patent No. 2871316;

10070] FIG. 4A shows images displayed in a normal case
where no picture 1s skipped;

10071] FIG. 4B shows images displayed in a case where
a picture 1s skipped;

[0072] FIG. 5 shows a construction of a video encoding
apparatus relating to a first embodiment of the present
mvention;

10073] FIG. 6A shows the original order of video images
in the first embodiment;

10074] FIG. 6B shows the order of video images to be

encoded 1n the first embodiment;

[0075] FIG. 7A shows the predictive accumulation
amount of a receiver buffer 1n a normal case where no
picture 1s skipped 1n the first embodiment;

[0076] FIG. 7B shows the predictive accumulation
amount of the receiver buller 1n a case where a picture 1s
skipped 1n the first embodiment;

10077] FIG. 8 shows examples of thresholds set in the first
embodiment;
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[0078] FIG. 9A shows the predictive accumulation
amount of the receiver bufler when an I-picture 1s skipped 1n
the first embodiment;

10079] FIG. 9B shows the predictive accumulation

amount of the receiver buifer when a B1-picture 1s skipped
in the first embodiment:;

[0080] FKFIG. 9C shows the predictive accumulation
amount of the receiver buifer when a B2-picture 1s skipped
in the first embodiment:;

[0081] FIG. 9D shows the predictive accumulation
amount of the receiver buffer when a P-picture 1s skipped 1n
the first embodiment;

[0082] FIG. 10A shows examples of images displayed by

a decoding apparatus 1n a normal case 1n the first embodi-
ment;

[0083] FIG. 10B shows examples of images displayed by

the decoding apparatus when a picture 1s skipped 1n the first
embodiment;

[0084] FIG. 11 is a flowchart showing operation proce-
dures of the video encoding apparatus relating to the first
embodiment;

[0085] FIG. 12 shows examples of thresholds set in a
second embodiment of the present 1nvention;

[0086] FIG. 13 is a diagram for explaining a threshold for

a B-picture immediately preceding a P-picture in the second
embodiment;

[0087] FIG. 14A shows the predictive accumulation

amount of the receiver butter for which the thresholds 1n the
first embodiment are employed;

[0088] FIG. 14B shows the predictive accumulation
amount of the receiver butter for which the thresholds in the

second embodiment are employed,;

[0089] FIG. 15A shows examples of images displayed by
a decoding apparatus 1in a normal case 1n the second embodi-
ment,

10090] FIG. 15B shows examples of images displayed by

the decoding apparatus when a picture 1s judged to be
skipped based on the thresholds employed in the {first
embodiment;

10091] FIG. 15C shows examples of images displayed by
the decoding apparatus when a picture 1s judged to be
skipped based on the thresholds employed mn the second
embodiment;

[10092] FIG. 16 shows examples of thresholds set in a

modification of the second embodiment;

[10093] FIG. 17 is a diagram for explaining a threshold for

a B-picture immediately preceding a P-picture in a modifi-
cation of the second embodiment;

10094] FIG. 18 shows a picture header and a picture
coding extension 1n a picture layer of an all-skip B-picture
in a third embodiment of the present mnvention;

[0095] FIG. 19A shows a case where M=1 (where M
represents an appearance cycle of an I-picture or a P-pic-
ture);
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[0096] FIG. 19B shows a case where M=2 (where M

represents an appearance cycle of an I-picture or a P-pic-
ture);

[0097] FIG. 19C shows a case where M=3 (where M

represents an appearance cycle of an I-picture or a P-pic-
ture);

[0098] FIG. 20A shows a case where M=1 (where M

represents an appearance cycle of an I-picture or a P-pic-
ture);

[0099] FIG. 20B shows a case where M=2 (where M

represents an appearance cycle of an I-picture or a P-pic-
ture);

[0100] FIG. 20C shows a case where M=3 (where M

represents an appearance cycle of an I-picture or a P-pic-
ture);

[0101] FIG. 21 shows a case where M=3 (where M
represents an appearance cycle of an I-picture or a P-picture)
and a frame 4 1s skipped;

10102] FIG. 22A is a flowchart showing operation proce-
dures of a video encoding apparatus relating to the third
embodiment of the present invention (to be continued to

FIG. 22B); and

10103] FIG. 22B is a flowchart showing operations pro-
cedures of the video encoding apparatus relating to the third
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

10104] The following 1s an explanation of preferred
embodiments of the present mnvention, with reference to the
drawings.

[0105] <First Embodiment>

[0106] The present embodiment relates to a video encod-
ing apparatus that judges, prior to generation of a picture,
whether to skip the picture or not, by comparing a predictive
code amount obtained based on an empirical value of a
picture type of the picture and the predictive accumulation
amount of the receiver buffer.

0107] (Construction of Video Encoding Apparatus)

0108] FIG. 5 shows the construction of a video encoding,
apparatus 100 to which the present imnvention relates. The
video encoding apparatus 100 1s roughly composed of an
image arranging unit 110, a DCT unit 113, a quantization
unit 114, a rate control unit 115, a variable length encoding
unit 116, a buifer 117, an inverse quantization unit 119, an
mverse DCT unit 120, a video memory 122, a motion
compensated prediction unit 123, adders 111 and 112, a
switch 118, a receiver buflfer accumulation predicting unit
124, a comparing/judging unit 125, a SKIP picture storage
memory 126, and a threshold setting unit 127.

[0109] The image arranging unit 110 arranges images in
the encoding order according to picture types. F1G. 6A
shows the original order of video 1mages, that 1s to say, the
order of the video 1mages to be displayed by a decoding
apparatus. FIG. 6B shows the order of video 1mages to be
encoded, that 1s to say, the order of the video pictures to be
inputted into the decoding apparatus. As a B-picture 1s coded
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with reference to a nearest previous/following I-picture or
P-picture, the B-picture 1s coded after a future P-picture.

[0110] The DCT unit 113 performs Discrete Cosine Trans-
form (DCT) calculation on a macroblock basis, so as to
output DCT coeflicients for each macroblock. Here, the
DCT calculation 1s performed 1n an intra coding mode for an
Intra coded picture (I-picture), and the DCT calculation is
performed 1n either the intra coding mode or a motion
compensated prediction mode, the mode being selected for
each macroblock, for a Predictive coded picture (P-picture)
and a Bidirectionally predictive coded picture (B-picture). In
the 1ntra coding mode, the DCT calculation 1s performed on
an mput original image, whereas 1 the motion compensated
prediction mode, the DCT calculation 1s performed on the
difference between the 1nput original 1mage and a predictive

image obtained by the motion compensated prediction unit
123.

|0111] The quantization unit 114 quantizes the DCT coef-
ficients for each macroblock using a quantization scale
suitable for each macroblock.

[0112] The variable length encoding unit 116 performs
variable length encoding on the quantized DCT coeflicients
as well as a motion vector and coding prediction mode
information, to generate encoded data of the image data.

[0113] The buffer 117 stores the encoded data of the image
data or an all-skip picture.

[0114] As an original image of an I-picture or a P-picture
needs to be used as a reference 1mage 1n motion compen-
sated prediction, the mverse quantization unit 119 and the
mverse DCT unit 120 subject the quantized DCT coeflicients
of the I-picture or the P-picture to the processing which 1is
reverse to the processing done by the quantization unit 114
and the DCT unit 113 to restore the original image, and
outputs the restored original 1mage to the video memory

122.

[0115] The video memory 122 stores the original image of
the I-picture or the P-picture as a reference image.

[0116] The motion compensated prediction unit 123 forms
a predictive 1mage based on the reference 1mage stored 1n the
video memory 122 using the motion vector and, outputs the
predictive 1mage for coding of a P-picture or a B-picture.

[0117] The rate control unit 15 instructs the quantization
unit 114 to change a quantization scale according to the
predictive accumulation amount of the receiver buifer. More
specifically, the rate control unit 115 instructs the quantiza-
tion unit 114 to increase the quantization scale when the
predictive accumulation amount of the receiver bufler
exceeds a predetermined amount, and to decrease the quan-
tization scale when the predictive accumulation amount of
the receiver bufter 1s below the predetermine amount.

[0118] The SKIP picture storage memory 126 stores all-
skip pictures for a P-picture and a B-picture. It should be
noted here that an all-skip picture 1s a picture 1n which all
macroblocks except a first and a last macroblocks 1n each
slice layer are skipped macroblocks. Instead of a B-picture
and a P-picture, a B-picture and a P-picture in which all
macroblocks except a first and a last macroblocks 1n each
slice layer are skipped macroblocks are outputted, and these
are respectively referred to as an all-skip B-picture and an
all-skip P-picture. As an I-picture cannot be skipped (whose
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macroblocks cannot be replaced with skipped macroblocks),
an all-skip P-picture 1s outputted instead of an I-picture.
These all-skip pictures are outputted instead of encoded data
of 1image data, that is to say, they are “proxy codes” for the
encoded data of the image data.

[0119] The receiver buffer accumulation predicting unit
124 calculates, every time one picture 1s outputted, the
predictive accumulation amount of the receiver builer at the
fime of decoding a next picture prior to decoding.

10120] FIG. 7A shows the predictive accumulation
amount of the receiver buffer 1n a normal case where no
picture 1s skipped. Assuming the predictive accumulation
amount of the receiver buifer at D'TSn prior to decoding as
VBV(n), the generation bit amount of a B-picture decoded
at DTSn as Db, and the transmaission bit amount during each

DTS time interval as R, an equation “VBV(n+1)=VBV(n)-
Db+R” 1s obtained.

10121] FIG. 7B shows the predictive accumulation
amount of the receiver bufler when a B-picture 1s skipped.
Assuming the predictive accumulation amount of the
receiver buffer at D'TSn prior to decoding as VBV(n), the

generation bit amount of an all-skip B-picture to be decoded

at DTSn as Dbskip, the transmission bit amount during each
DTS time interval as R, an equation “VBV(n+1)=VBV(n)-

Dbskip+R” 1s obtained.

[0122] The threshold setting unit 127 sets thresholds Ti,

Tp, Tbl, and Tb2 respectively for picture types “I”, “P”,
HBIH} aIld “BZH_

10123] FIG. 8 shows examples of thresholds respectively
set for picture types. Code amounts Ei, Ep, and Eb {for
respective picture types known by empirical values (here-
after referred to as “predictive code amounts™) are set as the

thresholds T1, Tp, Tb1, and Tb2.

Ti=f1

Ip=tp
Tb1=Eb
TH2=Eb

[0124] Note in the present embodiment, values “Ei=400
kbit”, “Ep=200 kbit”, “Eb=160 kbit” that have been empiri-
cally known to be optimum values for 1mage data with
resolution of 720x480 pixels are used. Also, as resolution of
image data and a predictive code amount are proportional to
cach other, when resolution 1s different from the above, the
predictive code amount can be calculated relative to the
resolution of the image data.

[0125] The comparing/judging unit 125 compares, prior to
encoding of each 1image data, the predictive accumulation
amount of the receiver buffer VBV with 1ts threshold, and
judges whether the encoding process of the 1mage data 1s to
be skipped or not. More specifically, 1n a case where the
image data 1s encoded to be an I-picture, the comparing/
judging unit 125 judges that the encoding process of the
image data 1s to be skipped when “VBV<T1”. In a case
where the 1mage data i1s encoded to be a P-picture, the
comparing/judging unit 125 judges that the encoding pro-
cess of the 1image data 1s to be skipped when “VBV<Tp”. In
a case where the 1mage data 1s encoded to be a Bl-picture,
the comparing/judging unit 125 judges that the encoding
process of the 1mage data 1s to be skipped when
“VBV<Tb1”. In a case where the 1image data 1s encoded to
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be a B2-picture, the comparing/judging unit 125 judges that
the encoding process of the image data 1s to be skipped when
“VBV<Tb2”.

[10126] FIGS. 9A, 9B, 9C, and 9D each show a case where
a picture 1s skipped.

10127] In FIG. 9A, since “VBV<Ti”, an I-picture is
skipped at DTSn.

10128] In FIG. 9B, since “VBV<Tbl”, a Bl-picture is
skipped at DTSn+1.

[10129] In FIG. 9C, since “VBV<Tb2”, a B2-picture is
skipped at DTSn+2.

10130] In FIG. 9D, since “VBV<Tp”, a P-picture is
skipped at DTSn+3.

[0131] When the comparing/judging unit 125 judges that
a picture 1s to be skipped, the comparing/judging unit 125
has the DCT unit 113 cancel the encoding process, and
output an all-skip picture suitable for a picture type of the
picture from the SKIP picture storage memory 126.

[10132] FIG. 10A shows examples of images displayed by

the decoding apparatus 1in a normal case. In the figure, a first
frame, a second frame, a third frame, and a fourth frame
respectively show original images of an I-picture(l), a
B-picture(3), a B-picture(4), and a P-picture(2). Reference
numerals 1n parentheses indicate the order in which the
images are encoded.

10133] FIG. 10B shows examples of images displayed by
the decoding apparatus when a picture 1s skipped. The
B-picture(3) of the second frame in FIG. 10A refers to the
original images of the I-picture(1) and the P-picture(2), and
when the B-picture(3) is skipped, the second frame in FIG.
10B displays the original image of the I-picture(l) as it is
nearer to the B-picture(3) in terms of the encoding order.

[0134] (Operation)

[0135] The following is an explanation of an operation
relating to a skip process performed by the video encoding
apparatus 1n the present embodiment.

10136] FIG. 11 1s a flowchart showing operation proce-
dures performed by the video encoding apparatus.

[0137] First, the threshold setting unit 127 sets thresholds

11, Tp, Tb1l, and Tb2 for respective picture types, for the
judgment whether each picture is to be skipped or not (step

S501).

|0138] When an original image is encoded to be an
[-picture, the comparing/judging unit 125 compares the
predictive accumulation amount of the receiver buffer VBV
and the threshold T1. When “VBV 211", the DCT unit 113,
the quantization unit 114, and the variable length encoding

unit 116 perform the encoding process of an I-picture on the
original image (steps S502, S503, S504).

[0139] The receiver buffer accumulation predicting unit
124 calculates, based on the generation bit amount of the
[-picture and the transmission bit amount during each DTS
time 1nterval R, the predictive accumulation amount of the
receiver buffer VBV prior to decoding at the next DTS (step

S505).
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[0140] When there is next image data, the processing
moves on to the next image data, or when there 1s no 1image
data left, the processing ends (step S506).

[0141] Alternatively, when the comparing/judging unit
125 judges that “VBV<T11” 1n step S503, the comparing/
judging umt 125 compares the predictive accumulation
amount of the receiver bulfer VBV and the threshold Tp.
When “VBVZTp”, the encoding process of a P-picture 1s
performed on the original 1mage, or when “VBV<1p”, an
all-skip P-picture 1s outputted from the SKIP picture storage
memory 126. Following this, the receiver buller accumula-
tion predicting unit 124 calculates, based on the generation
bit amount of the all-skip P-picture and the transmission bit
amount during each DTS time interval R, the predictive
accumulation amount of the receiver buffer VBV at the next

DTS (steps S508, S509, S510, S505)

0142] When the original image is encoded to be a P-pic-
ture, the comparing/judging unit 125 compares the predic-
five accumulation amount of the receiver buffer VBV and
the threshold Tp. When “VBV=Tp”, the DCT unit 113, the
quantization unit 114, and the variable length encoding unit
116 perform the encoding process of a P-picture on the
original 1mage 1 the normal way. When “VBV<Tp”, an
all-skip P-picture 1s outputted from the SKIP picture storage
memory 126. Following this, the receiver builer accumula-
tion predicting unit 124 calculates, based on (a) one of the
generation bit amount of the P-picture and the generation bit
amount of the all-skip P-picture, and (b) the transmission bit
amount during each DTS time interval R, the predictive

accumulation amount of the receiver buffer VBV prior to
decoding at the next DTS (steps S507, S508, S509, S510,

S505).

0143] When the original image is encoded to be a B1-pic-
ture, the comparing/judging unit 125 compares the predic-
five accumulation amount of the receiver buifer VBV and
the threshold Tb1l. When “VBV=2Tb1”, the DCT unit 113,
the quantization unit 114, and the variable length encoding
unit 116 perform the encoding process of a B-picture on the
original 1mage 1n the normal way. When “VBV<Tb1”, an
all-skip B-picture 1s outputted from the SKIP picture storage
memory 126. Following this, the receiver bufler accumula-
tion predicting unit 124 calculates, based on (a) one of the
generation bit amount of the B-picture and the generation bit
amount of the all-skip B-picture, and (b) the transmission bit
amount during each DTS time interval R, the predictive
accumulation amount of the receiver buifer VBV prior to
decoding at the next DTS (steps S511, S512, S513, S514,
S505) When the original image is encoded to be a B2-pic-
ture, the comparing/judging unit 125 compares the predic-
five accumulation amount of the receiver buifer VBV and
the threshold Tb2. When “VBV=2Tb1”, the DCT unit 113,
the quantization unit 114, and the variable length encoding
unit 116 perform the encoding process of a B-picture on the
original 1mage 1n the normal way. When “VBV<Tb2”, an
all-skip B-picture 1s outputted from the SKIP picture storage
memory 126. Following this, the receiver bufler accumula-
tion predicting unit 124 calculates, based on (a) one of the
generation bit amount of the B-picture and the generation bit
amount of the all-skip B-picture, and (b) the transmission bit
amount during each DTS time interval R, the predictive

accumulation amount of the receiver buifer VBV prior to
decoding at the next DTS (steps S511, S5185, S513, S514,

S505).
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0144] (Conclusion)

0145] As described above, the video encoding apparatus
relating to the present embodiment judges whether a picture
1s to be skipped by judging whether a predictive code
amount obtained based on an empirical value for each
picture type exceeds the predictive accumulation amount of
the receiver bufler, prior to generation of the picture, instead
of performing the above judgment by judging whether the
generation bit amount of the picture exceeds the predictive
accumulation amount of the receiver bufler after generating
the picture. This dispenses with a special bufler for tempo-
rarily storing a generated picture for the judgment whether
the picture 1s to be skipped or not.

[0146] Although the present invention has been described
based on the first embodiment, the invention should not be
limited to such; For instance, the following modifications
are possible.

0147] (Modification 1)

0148] In the present embodiment, a fixed value is used as
a threshold, however, a threshold may be determined accord-
ing to complexity of each original image.

10149] Assuming pixel values of an original image in an
8x8 pixel block as “P, (k=1~64)" and the average values
within the pixel block as “E(P,)”, the following equation is
obtained.

E(P,)=Y6eax2ZPy

[0150] Also, assuming a variance within the pixel block as
“V(P,)”, the following equation is obtained.

V(P )=YesxZ(P—E(Py))”

[0151] Assuming a minimum value of the wvariances
“V(P,)” of 8 blocks contained in a macroblock “;” (4 blocks

in a frame DCT mode and 4 blocks in a field DCT mode) as
“VAR,”, the following equation 1s obtained.

VAR=MIN [V(Py)]

[0152] Assuming an activity of the macroblock “J” as
“act.”, the tollowing equation 1s obtained.

[0153] Assuming an activity of an original image “ACT”
as a sum of activities of all macroblocks in the original

image, the following equation is obtained.
ACT=2act;

[0154] The activity reflects the variance of the pixel values
of the original image. Therefore, the higher the activity, the

higher the complexity 1n each frame of the original 1mage,
and so the generation bit amount of the picture increases

more. Accordingly, the higher the activity, the higher the
threshold 1s to be set.

[0155] Also, the threshold may be set with reference to the
variance. As one example, assuming “VAR=2VAR.”, the

larger a value of “VAR?”, the higher the threshold may be set,
and the smaller the value of “VAR?”, the lower the threshold
may be set.

[0156] Also, instead of the variance of pixels contained in
cach block, the variance of pixels contained in a whole
image may be used. More specifically, assuming the number
of pixels contained 1n the whole 1image as “N”, and the pixel
values of the original image as “P,(1=1~N)”, the equation
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“E=1/N xXP,” 1s obtained, and so the variance “V” of the
whole 1mage 1s obtained using the following equation.

V=1/NxZ(P,-E(P,))*

[0157] This means as follows. The larger a value of “V”,

the higher the threshold may be set, and the smaller the value
of “V”, the lower the threshold may be set.

0158] (Modification 2)

0159] In the present embodiment, when a predictive code
amount of a picture of each type exceeds the predictive
accumulation amount of the receiver bufler, the picture 1s
skipped regardless of the picture type. However, as original
images of an I-picture and a P-picture are used as reference
images for other images, skipping an I-picture and a P-pic-
ture have an influence on the other pictures, which will be
described later. Accordingly, either of the following methods
may be employed: (a) skip only pictures of certain types; and
(b) perform encoding while controlling the amount of codes
by 1ncreasing a quantization scale, using only DC elements

after DCT has been performed, or encoding pseudo 1mage
data.

[0160] As one example, when the predictive code amount
of a picture exceeds the predictive accumulation amount of
the receiver bufler, the picture may be skipped only when it
1s a B-picture. When the picture 1s either an I-picture or a
P-picture, the encoding that controls the amount of codes
may be performed. Alternatively, the picture may be skipped
only when it 1s a B-picture or a P-picture, and when the
picture 1s an I-picture, the encoding that controls the amount
of codes may be performed.

0161] (Modification 3)

0162] In the present embodiment, an underflow of the
receiver buller can be prevented 1n most cases. However, to
ensure that the receiver buffer will never underflow, the
following method may be employed. In a case where the
predictive code amount for a picture 1s below the predictive
accumulation amount of the receiver buffer, the code amount
of each macroblock contained in the picture may be com-
pared with the predictive accumulation amount of the
receiver buller, after encoding the picture on a macroblock
basis which 1s described above, and when the receiver buffer
1s found to underflow, the macroblock may be replaced with
a skipped macroblock.

0163] <Second Embodiment>

0164] The present embodiment relates to a video encod-
ing apparatus 1 which a B-picture 1s more likely to be
skipped than a P-picture and an I-picture.

0165] (Construction)

0166] The video encoding apparatus in the second
embodiment has the same construction as in the {first
embodiment with the only difference being 1n the way of
setting thresholds by the threshold setting unit 127. The
following explains the way the threshold setting unit 127
sets the thresholds.

[0167] The threshold setting unit 127 sets thresholds Ti,
Tp, Tb1, Tb2 respectively for picture types “I”, “P”, “B1”,
and “an.

10168] FIG. 12 shows examples of thresholds set respec-
tively for the picture types. Thresholds Ti and Tp are set
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equal to the predictive code amounts E1 and Ep as 1n the first
embodiment as the following equations.

Ti=Fk1
Ip=Ep

[0169] When an I-picture or a P-picture is skipped, a
B-picture that refers to the skipped picture displays the same
image as the skipped picture. In this case, for example, when
M=3 (M denotes an appearance cycle of an I-picture or a
P-picture), four consecutive frames display the same image.
Accordingly, to maximize chances of skipping a B-picture
immediately preceding a P-picture, a threshold for the
B-picture 1s set higher than that in the first embodiment.

10170] FIG. 13 is a diagram for explaining a threshold for
a B-picture immediately preceding a P-picture.

[0171] Assuming the predictive accumulation amount of
the receiver buffer VBV at DTSn+1 as VBV(n+1), the

equation “VBV(n+2)=VBV(n+1)-Eb+R” is obtained at
DTSn+2. If “VBV(n+2) ZTp”, it is predicted that a P-pic-
ture 1s not skipped at D'TSn+2. The expressions are trans-

formed into an expression “VBV(n+2)=VBV(n+1)-Eb+
RZTp=Ep”, so that it is found that the expression “VBV(n+
1)ZEb+(Ep-R)” needs to be satisfied.

[0172] Also, the expression “VBV(n+1)ZEb” needs to be
satisfied as 1n the first embodiment, and accordingly the
expression “VBV(n+1)ZMAX(Eb,Eb+(Ep-R))” needs to
be satisfied.

[0173] Accordingly, the threshold Tb2 is set as “Tb2-
MAX(Eb,Eb+(Ep-R))”, and when the predictive accumu-
lation amount of the receiver buifer VBV 1s below the
threshold Tb2 at D'TSn+1, a B2-picture 1s to be skipped, so

that the P-picture 1s not skipped in prediction.

[0174] This means as follows. When “(Ep-R)Z0,”, a
value “(Ep-R)” (a value equivalent to (1) in FIG. 13) is
added to an original threshold Tb2 so as to obtain a new
threshold Tb2. When “(Ep-R)<0”, the original threshold
Tb2 1s used.

[0175] In the same way, assuming the predictive accumu-
lation amount of the receiver buffer VBV at DTSn as
VBV(n), and so an expression “VBV(n+2)=VBV(n)-Eb+
E-Eb+R=VBV(n)-Eb—(Eb-2R)” is obtained at DTSn+2.
When “VBV(n+2)ZTp”, it is predicted that a P-picture i1s
not skipped at DTSn+2. The expressions are transformed
into an expression “VBV(n+2)=VBV(n)-Eb—(Eb-2R)
=Tp=Ep”. As a result, an expression “VBV(n)ZEb+(Ep+
Eb-2R)=Eb+(Ep-R)+(Eb-R)=Eb+(Tb2-R)” needs to be
satisfied.

[0176] Also, as in the first embodiment, the expression
“VBV(n) ZEb” needs to be satisfied, and accordingly the

expression “VBV(n)Z2MAX(Eb,Eb+(1b2-R))” needs to be
satisfied.

[0177] Accordingly, the threshold Tb1l 1s set as “Tbl=
MAX(Eb,Eb+(Tb2-R))”, and when the predictive accumu-
lation amount of the receiver buifer VBV 1s below the

threshold Tb1l at D'TSn, a Bl-picture 1s skipped, so that the
P-picture 1s not skipped 1n prediction.

[0178] This means as follows. When “('Tb2-R)Z07, a
value “(Ep-R)” (a value equivalent to (D) in FIG. 13) is
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added to an original threshold Tb1l so as to obtain a new

threshold Tb1. When “(Tb2-R)<0”, the original threshold
Tb1 1s used.

[0179] A threshold for a B-picture immediately preceding
an I-picture can be set in the same manner as described
above except that E11s used mstead of Ep. For differentiating
an I-picture and a P-picture, a threshold for a Bl-picture
immediately preceding a P-picture is referred to as “Tb2(p)”,
a threshold for a B2-picture immediately preceding a P-pic-
ture 1s referred to as “Tb1(p), a threshold for a B2-picture
immediately preceding an I-picture 1s referred to as
“Tb2(1)”, a threshold for a B2-picture immediately preced-
ing an I-picture is referred to as “Tbl(1)”, and so the
following equations are obtained.

T2(p)=MAX(Eb, Eb+(Ep-R))
TH1(p)=MAX(Eb,Eb+(Th2(p)-R))
TH2(H=MAX(Eb,Eb+(Ei-R))
Th1()=MAX(Eb,Eb+(TH2())-R))
10180] FIG. 14A shows changes of the predictive accu-

mulation amount of the receiver buffer 1n the first embodi-
ment. At DTSn and DTSn+1, the predictive accumulation
amount of the receiver buffer VBV exceeds the thresholds
Tb1l and Tb2, and so the B-pictures are not skipped. How-
ever, at D'TSn+2, the predictive accumulation amount of the
receiver buffer VBV 1s below the threshold Tp, and so the
P-picture 1s skipped.

10181] FIG. 14B shows changes of the predictive accu-

mulation amount of the receiver builer for which thresholds
in the present embodiment are employed. As shown 1n the
figure, the threshold Tbl i1s set high, and so skipping a
Bl-picture occurs at DTSn. Due to this, the predictive
accumulation amount of the receiver buifer VBV increases
by a difference between the generation bit amount of the
Bl-picture and the generation bit amount of an all-skip
B-picture (Db1- Dsklp) and so the predlctlve accumulation
amount of the receiver buffer VBV 1s at least the threshold
Tp at DTSn+2. Therefore, skipping the P-picture does not
occur at D'ISn+2.

[0182] FIG. 15A shows examples of images displayed by

the decoding apparatus 1n a normal case. A first frame, a
second frame, a third frame, and a fourth frame respectively
show original images of an I-picture(1), a B-picture(3), a
B-picture(4), and a P-picture(2). Reference numerals in
parentheses indicate the order in which the 1mages are
encoded.

10183] FIG. 15B shows examples of images displayed by
the decoding apparatus when a picture 1s judged to be
skipped based on the thresholds employed in the first
embodiment. As the thresholds 1n the first embodiment are
not set 1n such a manner that a B-picture preceding a
P-picture 1s more likely to be skipped than a P-picture, a
P-picture 1s likely to be skipped. In this case, when the
P-picture (2) is skipped, an original image of the I-picture(1)
1s displayed 1n the fourth frame as 1t 1s a reference 1image for
the P-picture(2). As the B-picture(3) and the B-picture(4)
refer to an original 1mage of the P-picture(2), the original
image of the I-picture(l) is also displayed in the second
frame and the third frame.

10184] FIG. 15C shows examples of images displayed by
the decoding apparatus when a picture 1s judged to be
skipped based on the thresholds employed in the present
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embodiment. As the thresholds 1n the present embodiment
arec set 1n such a manner that a B-picture preceding a
P-picture 1s more likely to be skipped than a P-picture, a
B-picture 1s likely to be skipped. In this case, when the
B-picture(3) in the second frame is skipped, an original
image of the I-picture(1) is displayed in the second frame as
original images of the I-picture(1) and the P-picture(2) are
reference images for the B-picture(3), and the I-picture(1) is
nearer to the B-picture (3) in terms of the encoding order.
Since no picture refers to the B-picture(3), original images
of the other pictures are displayed in the normal way.

[0185] FIG. 15D shows examples of images displayed by
the decoding apparatus when a picture 1s judged to be
skipped based on the thresholds employed in the present
embodiment. In this case, when the B-picture(4) in the third
frame 1s skipped, an original image of the P-picture(2) is
displayed in the third frame as original 1mages of the
[-picture(1) and the P-picture (2) are reference images for
the B-picture(4), and the P-picture(2) i1s nearer to the B-pic-
ture(4) in terms of the encoding order. Since no picture
refers to the B-picture(2), original images of the other
pictures are displayed as usual.

0186] (Operation)

0187] An operation of the video encoding apparatus 1n
the present embodiment 1s the same as that in the first
embodiment shown 1 FIG. 11, with the only difference
being 1n step S501, and so the operation procedures are not
explamed.

0188] (Conclusion)

0189] As described above, the video encoding apparatus
in the present embodiment sets the thresholds so as to satisty
such predictive conditions that do not cause skipping of a
P-picture. Therefore, 1in a case where a P-picture 1s normally
skipped, a B-picture immediately preceding the P-picture is
skipped 1nstead, so that skipping the P-picture can be
avolided.

0190] (Modification 1)

0191] The video encoding apparatus in the present
embodiment has a unique feature to prevent a P-picture from
being skipped, which 1s not provided in the first embodi-
ment. Therefore, even when the video encoding apparatus in
the present embodiment 1s constructed to temporarily store
cach picture in a bufler memory after generating the picture
as disclosed 1n Japanese Patent No. 2871316, the video
encoding apparatus 1n the present embodiment can produce
an effect different from the disclosure of the above patent.

[0192] In detail, the video encoding apparatus may be
constructed to encode 1mage data so as to generate a picture,
temporarily store the generated picture 1n the buffer memory,
and sets a threshold according to a picture type of the
picture, 1n such a manner that a P-picture 1s not skipped as
described below, based on the generation bit amount of the
picture, and the threshold set 1n this manner may be used for
the judgment whether the picture 1s to be skipped.

[0193] The threshold Ti used in a case where the image
data 1s encoded to generate an I-picture may be set according
to the following equation, where D1 represents the genera-
fion bit amount of the I-picture.

Ti=D1
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10194] Also, the threshold Tp used in a case where the
image data 1s encoded to generate a P-picture may be set
according to the following equation, where Dp represents
the generation bit amount of the P-picture.

Tp=Dp
[0195] Also, the threshold Tb(i) used in a case where the

image data 1s encoded to generate a B-picture immediately
preceding an I-picture may be set according to the following,
equation to prevent the I-picture from being skipped. In the
equation, Db represents the generation bit amount of the
B-picture, E1 represents the predictive code amount of the
[-picture, and R represents the transmission bit amount
during each decoding time interval.

TH(i)=MAX(Db,Db+(Ei-R))

[0196] Also, the threshold Tb(p) used in a case where the

image data 1s encoded to generate a B-picture immediately
preceding a P-picture may be set according to the following
equation to prevent the P-picture from being skipped. In the
cequation, Db represents the generation bit amount of the
B-picture, Ep represents a predictive code amount of the
P-picture, and R represents the transmission bit amount
during each decoding time interval.

Th(p)=MAX(Db,Db+(Ep-R))
[0197] (Modification 2)

10198] FIG. 16 shows other examples of setting the
thresholds.

[0199] The thresholds Ti, Tp, Tb2(p), and Tb2(1) are set in
the same way as in the second embodiment using the
following equations.

Ti=Fi

Tp=tp
THh2{(p)=MAX(Eb,Eb+{(Ep-R))
Th2(H)=MAX(EbEb+(Ei-R))

10200] In the second embodiment, since the threshold for
a Bl-picture 1s set high as described above, the Bl-picture
1s likely to be skipped. However, in a case where the
amounts of bits actually generated for a Bl-picture, a
B2-picture and a P-picture are smaller than the predictive
code amounts thereof, the P-picture is not to be skipped
contrary to the prediction. In such a case, the Bl-picture
does not need to be skipped. Accordingly, It 1s preferable to
postpone the judgment whether to skip pictures until the
B2-picture immediately preceding the P-picture, to see if
skipping 1s really necessary. By doing so, unnecessary
skipping can be avoided

[0201] On the other hand, when the judgment is postponed
as mentioned above and the B2-picture 1s judged to be
skipped, skipping the B2-picture may not produce an
enough effect to prevent the P-picture from being skipped it
the predictive accumulation amount of the receiver bufler 1s
extremely small.

10202] Accordingly, the Bl-picture is to be skipped only
when skipping of the P-picture still occurs even though the
B2-picture has been skipped. A threshold for the BP-picture

1s to be determined to make this happen.

10203] FIG. 17 is a diagram for explaining a threshold for
a B-picture immediately preceding a P-picture.
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[0204] Assuming the predictive accumulation amount of
the receiver buffer VBV at D'TSn as VBV(n), the predictive
accumulation amount of the receiver buffer VBV at DTSn+2
is  “VBV(n+2)=VBV(n)-Eb+R-Dbskip+R=VBV(n)-Eb-
(Dbskip-2R)”. Here, “Dbskip” represents the generation bit
amount of an all-skip B-picture. When “VBV(n+2)ZTp”,
the P-picture 1s not skipped at DTSn+2. The above expres-
sions are transformed into an expression “VBV(n+2)=
VBV(n) -Eb-(Dbskip-2R)ZTp=Ep”, and so it 1s found that
an expression “VBV(n)ZEb+(Ep+Dbskip-2R)=Eb+(Ep-
R)+(Dbskip—R)=Dbskip+(Tb2-R)” needs to be satisfied.

[0205] Also, an expression “VBV(n)ZEb” needs to be
satisfied as 1n the first embodiment, and so an expression
“VBV(n) ZMAX(Eb,Dbskip+(Tb2-R))” needs to be satis-
fied.

[0206] Accordingly, the threshold Tb1 1s set as “Tbl=
MAX (Eb,Dbskip+(Tb2-R))”. When the predictive accu-
mulation amount of the receiver buifer VBV 1s below the
threshold Tb1l at D'TSn, a Bl-picture 1s skipped, so that the
P-picture 1s not skipped m prediction.

[0207] This means as follows. When “Dbskip+(Tb2-
R)=07, a value “(Ep-R)” (a value equivalent to (1) in FIG.
17) is added to an original threshold Tb1l and a wvalue
“(R-Dbskip)” (a value equivalent to (2) in FIG. 17) is

subtracted from the resulting value so as to obtain a new
threshold Tb1 as shown in FIG. 17. When “Dbskip+(Tb2-

R)<07, the original threshold Tb1 is used.

[0208] A threshold for a B-picture immediately preceding
an I-picture can be set in the same manner as described
above except that Fi 1s used instead of Ep, and so the
following equations are obtained.

Tb1(p)=MAX(Eb, Dbskip+(Tb2(p)-R))

Tb1(})=MAX(Eb, Dbskip+(Tb2(i)-R))

0209] <Third Embodiment>

0210] The present embodiment relates to a video encod-
ing apparatus that does not cause a reversal 1n the order of
images displayed 1n the interlaced scan format when encod-
ing 1mage data 1s skipped, 1n a case where one frame 1is
allocated to one picture (frame structure).

0211] (Construction)

0212] The video encoding apparatus relating to the
present embodiment has approximately the same construc-
fion as in the above embodiments, and so the following
explanation focuses on differences therebetween.

[0213] The image arranging unit 110 arranges image data
on a frame basis.

10214] The DCT unit 113 encodes the image data on a
frame basis.

[0215] The comparing/judging unit 125 has the DCT unait
113 cancel the encoding process on 1mage data of a next
frame and output an all-skip picture from the SKIP picture
storage memory 126 when the predictive accumulation
amount of the receiver buffer 1s below a threshold, as in the
first embodiment.

[0216] The SKIP picture storage memory 126 stores two
types of all-skip P-pictures and two types of all-skip B-pic-
tures for the frame structure, the two types of all-skip
P-pictures or the two types of all-skip B-pictures respec-
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tively referring to a bottom field of a forward picture (an
immediately preceding field in the display order) and a top
field of a backward picture (an immediately following field
in the display order). The comparing/judging unit 125
selects, out of the two types, an all-skip picture that refers to
a field which 1s nearest to a field of skipped 1mage data in
terms of the display order, and the selected all-skip picture
1s transmitted.

10217] FIG. 18 shows a picture header and a picture
coding extension in a picture layer of an all-skip B-picture.
As shown by the reference numeral @ in the figure, the

picture structure of the all-skip B-picture 1s designated as a
top field.

10218] FIGS. 19A, 19B and 19C cach show fields to be

referred to when the frame 2 1s skipped.

[0219] FIG. 19A shows a case where M=1 (where M

represents an appearance cycle of an I-picture or a P-pic-

ture). As the frame 2 is a P-picture, fields that can be used
as reference fields are fields 17 and 1b. As the field 15 1s

nearer to both fields 27 and 25 of the frame 2 1n terms of the
display order, the field 15 1s a reference field for the fields
2f and 2b.

10220] Accordingly, instead of encoding the fields 17 and

1b, two all-skip P-pictures that each refer to the bottom field
of the forward picture are outputted.

10221] FIG. 19B shows a case where M=2 (where M

represents an appearance cycle of an I-picture or a P-pic-
ture). As the frame 2 1s a B-picture, fields that can be used
as reference fields are fields 1¢, 15, 31, and 3b. As the field

15 1s nearest to a field 27 1n terms of the display order, the
field 15 1s a reference field for the field 2¢. Also, as the field

37 1s nearest to a field 2b, the field 3r 1s a reference field for
the field 2b.

10222] Accordingly, instead of encoding the field 2¢ an
all-skip B-picture that refers to a bottom field of the forward
picture 1s outputted.

10223] Instead of encoding the field 2b, an all-skip B-pic-
ture that refers to the top field of the backward picture is
outputted.

[10224] FIG. 19C shows a case where M=3 (where M
represents an appearance cycle of an I-picture or a P-pic-

ture). As the frame 2 1s a B-picture, fields that can be used
as reference fields are fields 1¢, 15, 4¢, and 4b. As the field

1b 1s nearest to both fields 2¢ and 2b 1n terms of the display
order, the field 15 1s a reference field for the fields 27 and 2b.

10225] Accordingly, instead of encoding the fields 2¢ and
2b, two all-skip B-pictures that each refer to the bottom field
of the forward picture are outputted.

10226] FIGS. 20A, 20B, and 20C each show fields to be
referred to when the frame 3 1s skipped.

10227] FIG. 20A shows a case where M=1 (where M

represents an appearance cycle of an I-picture or a P-pic-
ture). As the frame 3 is a P-picture, fields that can be used
as reference fields are fields 2¢ and 2b. As the field 2b 1s
nearer to both fields 3¢ and 3b of the frame 3 1n terms of the
display order, the field 2b 1s a reference field for the fields
3¢ and 3b.
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[0228] Accordingly, instead of encoding the fields 3¢ and
3b, two all-skip P-pictures that each refer to the bottom field
of the forward picture are outputted.

[0229] FIG. 20B shows a case where M=2 (where M

represents an appearance cycle of an I-picture or a P-pic-
ture). As the frame 3 1s a B-picture, fields that can be used
as reference fields are fields it and 1b. As the field 1b 1s
nearer to both fields 37 and 3b 1n terms of the display order,

the field 1b 1s a reference field for the fields 37 and 3b.

10230] Accordingly, instead of encoding the fields 3¢ and
3b, two all-skip B-pictures that each refer to the bottom field
of the forward picture are outputted.

[0231] Also, since the field 15 is displayed instead of the
field 3¢, the fields 2¢ and 2b are also skipped using the field
15 as a reference field to prevent the display order from
being reversed. In this case, too, two all-skip pictures that
cach refer to the bottom field of the forward picture is
outputted.

[0232] FIG. 20C shows a case where M=3 (where M

represents an appearance cycle of an I-picture or a P-pic-

ture). As the frame 3 is a B-picture, fields that can be used
as reference fields are fields 1t, 15, 47, and 4b. As the field 4¢

1s nearest to both fields 3¢ and 3b in terms of the display
order, the field 4t 1s a reference field for the fields 3¢ and 35b.

[10233] Accordingly, instead of encoding the fields 3¢ and
3b, two all-skip B-pictures that each refer to the top field of
the backward picture are outputted.

10234] FIG. 21 shows a case where M=3 (where M

represents an appearance cycle of an I-picture or a P-pic-
ture). As the frame 4 is a P-picture, fields that can be used
as reference fields are fields 17 and 1b. As the field 15 1s

nearer to both fields 47 and 4b 1n terms of the display order,
the field 1b 1s a reference field for the fields 47 and 4b.

[0235] Accordingly, instead of encoding the fields 4f and
4b, two all-skip P-pictures that each refer to the bottom field
of the forward picture are outputted.

[0236] Also, since the field 15 is displayed instead of the
field 4¢, the fields 2¢, 2b, 3¢, and 3b are also skipped using
the field 1b as a reference field to prevent the display order
of images from being reversed. In this case, too, four all-skip
pictures that each refer to the bottom field of the forward
picture are outputted.

0237] (Operation)

0238]| The following is an explanation of an operation of

the video encoding apparatus relating to the present embodi-
ment.

10239] FIG. 22 is a flowchart showing operation proce-
dures performed by the video encoding apparatus relating to
the present embodiment.

10240] Operation procedures relating to setting thresholds
(step S501), the judgment as to whether pictures are skipped
or not (steps S502, S503, S507, S508, S511, S512, and
S515), the encoding process of an I-picture (step S504), the
encoding process of a P-picture (step S509), and the encod-
ing process of a B-picture (step S513) are not explained here
as they are the same as in the first embodiment.

10241] The present embodiment differs from the first
embodiment 1n methods for skipping pictures shown in steps
S801 to S810, and so the following explains the differences.




US 2001/0046263 Al

10242] In the present embodiment, when encoding of
image data 1s skipped, the allocation of pictures 1s changed
from the frame structure to the field structure, and so two
all-skip pictures respectively for the top field and the bottom
field that make up the image data are outputted. That 1s to
say, skipping of a picture 1s performed twice.

10243] When “VBV<Tb1” in step S512, an all-skip B-pic-
ture that refers to the bottom field of the forward picture 1s
outputted twice in steps S807 and S808 (see FIG. 19C for

reference examples).

10244] When “VBV<Tb2” in step S515, an all-skip B-pic-
ture that refers to the top field of the backward picture is

outputted twice in steps S809 and S810 (see FIG. 20C for
reference examples).

10245] When “VBV<Tp” in step S508, an all-skip P-pic-
ture that refers to the bottom field of the forward picture 1s
outputted twice in steps S801 and S802 (see FIG. 21 for

reference examples).

[10246] In steps S803 to S806, instead of a B-picture

between a P-picture and an I-picture that 1s referred to by the
P-picture, two all-skip B-pictures that each refer to the
bottom field of the forward picture are outputted (see FIG.
21 for reference examples).

10247] In step S505, the receiver buffer accumulation
predicting unit 124 calculates, based on (a) one of the
ogeneration bit amount of the picture, the generation bit
amount of two or six all-skip pictures, and (b) the transmis-
sion bit amount during each DTS time interval R, the
predictive accumulation amount of the receiver buifer VBV
prior to decoding at the next DTS.

[0248] (Conclusion)

10249] According to the video encoding apparatus relating
to the present embodiment, as described above, when the
predictive accumulation amount of the receiver buffer 1s
below a threshold, encoding image data in the frame struc-
ture 1s cancelled and all-skip pictures having the field
structure that each refer to a nearest field 1n terms of the
display order are outputted, 1n a case where one frame 1s
allocated to one picture (frame structure). Therefore, when
images are displayed 1n the interlaced scan format 1n a case
where encoding 1image data 1s skipped, the display order of
the 1mages 1s not reversed.

[0250] (Modification)

[0251] The video encoding apparatus relating to the
present embodiment performs the judgment whether to skip
cach picture based on the predictive accumulation amount of
the receiver buffer, however, the invention should not be
limited to such. For instance, the above judgment may be
performed based on the accumulation amount of an output
buffer of the video encoding apparatus.

10252] Although the present invention has been fully
described by way of examples with reference to the accom-
panying drawings, it 1s to be noted that various changes and
modifications will be apparent to those skilled 1n the art.
Therefore, unless such changes and modifications depart
from the scope of the present invention, they should be
construed as being included therein.
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What 1s claimed 1s:

1. A video encoding apparatus that encodes a sequence of
image data while predicting an accumulation amount of a
receiver buffer 1n a decoding apparatus, each 1mage data
forming one frame or one field, the video encoding appa-
ratus comprising;:

comparing means for comparing, prior to encoding of
cach 1mage data, a predictive accumulation amount
with a predetermined threshold, the predictive accumus-
lation amount being an amount of data predicted to be
accumulated 1 the receiver buifer by the time when
data obtained by encoding the image data 1s decoded,;
and

skipping means for (a) canceling the encoding of the
image data and (b) using a proxy code as data that is
fetched from the receiver buifer at the decoding time,
if the amount of data i1s below the predetermined
threshold, the proxy code indicating to display image
data that 1s 1dentical to previously decoded 1image data.

2. The video encoding apparatus of claim 1, further
comprising

threshold setting means for setting a threshold for a
picture type of a picture that 1s obtained by encoding
the 1mage data, the picture type being one of an
[-picture, a P-picture, and a B-picture.

3. The video encoding apparatus of claim 2,

wherein the skipping means (a) uses an all-skip B-picture
as the proxy code when the picture type 1s a B-picture,
the all-skip B-picture being a B-picture in which mac-
roblocks 1n all slice layers except a first macroblock
and a last macroblock 1n each slice layer are skipped
macroblocks, and (b) uses an all-skip P-picture as the
proxy code when the picture type 1s an I-picture or a
P-picture, the all-skip P-picture being a P-picture 1n
which macroblocks 1n all slice layers except a first
macroblock and a last macroblock 1n each slice layer
are skipped macroblocks.

4. The video encoding apparatus of claim 3,

wherein the threshold i1s a predictive code amount of the
picture.

5. The video encoding apparatus of claim 3,

wherein the threshold setting means calculates a variance
of pixel values of the 1image data, and sets a higher
threshold for a higher calculated variance.

6. The video encoding apparatus of claim 3,

wherein the threshold setting means sets a higher thresh-
old for a higher activity ACT of an original image, the
activity ACT being a sum of activities act of all
macroblocks mcluded 1n the original image, an activity
act being expressed by the equation

where VAR, 1s a minimum value among variances of pixel
values of the original image 1n each of eight blocks that
form a macroblock j, the eight blocks being composed
of four blocks 1n a frame DCT mode and four blocks 1n
a field DCT mode, and act 1s an activity of the mac-
roblock j.
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7. The video encoding apparatus of claim 3,

wherein the threshold setting means sets a predictive code
amount of each of an I-picture and a P-picture as the
threshold for each of an I-picture and a P-picture, and
sets a value larger than a predictive code amount of a
B-picture as the threshold for a B-picture.

8. The video encoding apparatus of claim 7,

wherein when M 22, M representing an appearance cycle
of an I-picture or a P-picture, the threshold setting
means Sets:

a threshold Ti of an I-picture as Ti=Ei;
a threshold Tp of a P-picture as Tp=Ep;

a threshold Tb(1) of a B-picture immediately preceding
an I-picture in an encoding order as Tb(1)=Eb+(Ei-
R) when (Ei-R)Z0, and Tb(i)=Eb when (Ei-R)<0;
and

a threshold Tb(p) of a B-picture immediately preceding a
P-picture in the encoding order as Tb(p)=Eb+(Ep-R)

when (Ep-R)20, and Tb(p)=Eb when (Ep-R)<0,

where FEi 1s the predictive code amount of an I-picture, Ep
1s the predictive code amount of a P-picture, Eb 1s the
predictive code amount of a B-picture, and R 1s a
transmission bit amount during each decoding time
interval.

9. The video encoding apparatus of claim 7,

wherein when M =3, M representing an appearance cycle
of an I-picture or a P-picture, the threshold setting
means sets:

a threshold 11 of an I-picture as Ti=Ei;

a threshold Tp of a P-picture as Tp=Ep;
a threshold Tb2(1) of a B-picture B2(1) immediately
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the threshold of a B-picture B immediately preceding
the B-picture B2 1n the encoding order.
11. The video encoding apparatus of claim 10,

wherein when M =23, M representing an appearance cycle
of an I-picture or a P-picture, the threshold setting
means sefts:

a threshold T1 of an I-picture as Ti=FEzi;
a threshold Tp of a P-picture as Tp=Ep;

a threshold Tb2(1) of a B-picture B2(1) immediately
preceding an I-picture 1n an encoding order as
Tb2(i)=Eb+(Ei-R) when (Ei-R)Z0, and Tb2(i)=Eb
when (Ei-R) <O0;

a threshold Tb1(i) of a B-picture B1(i) immediately
preceding a B-picture B2(1) in the encoding order as
Tb1(1)=Dbskip+(Tb2(1)-R) when Dbskip+(Tb2(i)-
R)ZEb, and Tbl(i)=Eb when Dbskip+(Tb2(1)-
R)<EDb;

a threshold Tb2(p) for a B-picture B2(p) immediately
preceding a P-picture in the encoding order as
Tb2(p)=Eb+(Ep-R) when (Ep-R)Z0, and Tb2(p)=
Eb when (Ep-R) <0; and

a threshold Tb1(p) of a B-picture B1(p) immediately
preceding a B-picture B2(p) in the encoding order as
Tb1(p)=Dbskip+('Tb2(p)-R) when Dbskip+
(Tb2(p)-R)ZEDb, and Tbl(p)=Eb when Dbskip+
(Tb2(p)-R)<Eb

where E1 1s the predictive code amount of an I-picture,

Ep 1s the predictive code amount of a P-picture, Eb

1s the predictive code amount of a B-picture, R 1s a

transmission bit amount during each decoding time

interval, and Dbskip 1s a code amount of an all-skip
B-picture.

12. A video encoding apparatus that encodes a sequence

preceding an I-picture in an encoding order as
Tb2(1)=Eb+(Ei-R) when (Ei-R)=0, and Tb2(i)=Eb
when (Ei-R) <0;

of 1mage data while predicting an accumulation amount of
a recerver buffer in a decoding apparatus, each 1mage data
forming one frame or one field, the video encoding appa-
ratus comprising;

a threshold Tb1(1) of a B-picture B1(1) immediately
preceding a B-picture B2(1) in the encoding order as
Tb1(1)=Eb+(Tb2(1)-R) when (Tb2(1)-R)=0, and
Tb1(1)=Eb when (Tb2(1)-R)<0;

a threshold Tb2(p) of a B-picture B2(p) immediately

preceding a P-picture in the encoding order as
Tb2(p)=Eb+(Ep-R) when (Ep—-R)Z=0, and Tb2(p)=
Eb when (Ep-R) <0; and

a threshold Tb1(p) of a B-picture B1(p) immediately
preceding a B-picture B2(p) in the encoding order as
Tb1(p)=Eb+(Tb2(p)-R) when (Tb2(p)-R)Z0, and
Tb1(p)=Eb when (Tb2(p)-R)<0,

where Ei1 1s the predictive code amount of an I-picture,
Ep 1s the predictive code amount of a P-picture, Eb
1s the predictive code amount of a B-picture, and R
1s a transmission bit amount during each decoding
time 1nterval.

10. The video encoding apparatus of claim 7,

wherein when M =3, M representing an appearance cycle
of an I-picture or a P-picture, the threshold setting
means sets the threshold of a B-picture B2 immediately
preceding an I-picture in an encoding order, higher than

threshold setting means for setting, after encoding each
image data, a threshold according to a picture type of
the encoded 1mage data 1n a case where M=2, M
representing an appearance cycle of an I-picture or a
P-picture, as the following,

a threshold 11 1n a case where the 1image data 1s encoded
to be an I-picture 1s set as Ti=Di, where D1 1s a
predictive code amount of the I-picture,

a threshold Tp 1n a case where the 1mage data 1s encoded
to be a P-picture 1s set as Tp=Dp, where Dp 1s a
predictive code amount of the P-picture,

a threshold Tb(i) in a case where the image data is
encoded to be a B-picture immediately preceding an
[-picture in an encoding order is set as Tb(1)=Dp+(Ei-
R) when (Ei-R)Z0, and Tb(1)=Dp when (Ei-R)<0,
where Db 1s a predictive code amount of the B-picture,
E1 1s a predictive code amount of the I-picture, and R
1s a transmission bit amount during each decoding time
mterval, and

a threshold Tb(p) in a case where the image data is
encoded to be a B-picture immediately preceding a
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P-picture in the encoding order is set as Tb(p)=Dp+
(Ep—R) when (Ep-R)Z0, and Tb(p)=Dp when (Ep-
R)<0, where Db i1s a predictive code amount of the
B-picture, Ep 1s a predictive code amount of the P-pic-
ture, and R 1s a transmission bit amount during each
decoding time interval;

comparing means for comparing, after encoding the
image data, a predictive accumulation amount with the
threshold, the predictive accumulation amount being an
amount of data predicted to be accumulated in the
receiver buller by the time when data obtained by
encoding the 1mage data 1s decoded; and

skipping means for using a proxy code as data that 1s
fetched from the receiver buifer at the decoding time,
if the amount of data 1s below the threshold, the proxy
code mdicating to display image data that 1s identical to
previously decoded 1mage data.
13. A video encoding apparatus that encodes a sequence
of image data 1n a frame structure, each image data forming
one frame, comprising:

comparing means for comparing, prior to encoding of
cach image data, one of (a) a predictive accumulation
amount of a receiver bufler 1n a decoding apparatus and
(b) an accumulation amount of an output buffer, with a
predetermined standard value, the predictive accumu-
lation amount being an amount of data predicted to be
accumulated 1n the receiver buffer;

skipping means for (a) canceling the encoding of the
image data in the frame structure and (b) substituting a
proxy code mdicating to display two fields that each are
identical to one of a top field and a bottom field of
previously decoded image data, for data that 1s obtained
by encoding a top field and a bottom field of the 1mage
data, if the amount of data 1s below the predetermined
standard value.

14. The video encoding apparatus of claim 13,

wherein the skipping means uses the proxy code indicat-
ing to display the two fields that each are i1dentical to
the field that 1s the nearest, in a display order, to each
of the top field and the bottom field of the image data
which has been canceled to be encoded in the frame
structure, the field being selected out of the top field
and the bottom field of the previously decoded 1mage
data.

15. The video encoding apparatus of claim 14,

wherein when the 1image data which has been canceled to
be encoded 1n the frame structure 1s encoded to be a
B-picture, the skipping means uses two all-skip B-pic-
tures that each are a B-picture 1n which macroblocks 1n
all slice layers except a first macroblock and a last
macroblock 1n each slice layer are skipped macroblocks
as the proxy code, and when the 1image data which has
been canceled to be encoded 1n the frame structure 1s
encoded to be an I-picture or a P-picture, the skipping
means uses two all-skip P-pictures that each are a
P-picture 1n which macroblocks in all slice layers
except a first macroblock and a last macroblock 1n each
slice layer are skipped macroblocks as the proxy code.

16. The video encoding apparatus of claim 15,

wherein (a) each all-skip P-picture used by the skipping
means when the 1mage data which has been canceled to

15
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be encoded 1n the frame structure 1s encoded to be an
I-picture or a P-picture uses a bottom field of a previ-
ously displayed I-picture or P-picture as a reference
field, (b) each all-skip B-picture used by the skipping
means when the 1mage data which has been canceled to
be encoded 1n the frame structure 1s encoded to be a
B-picture Bl uses a top field of a previously displayed
[-picture or P-picture as a reference field, and (c) each
all-skip B-picture used by the skipping means when the
image data which has been canceled to be encoded 1n
the frame structure 1s encoded to be a B-picture B2 uses
a top field of a successively displayed I-picture or
P-picture as a reference field.
17. The video encoding apparatus of claim 16,

wheremn when the 1mage data which has been canceled to
be encoded 1n the frame structure 1s encoded to be an
I-picture or a P-picture, the skipping means cancels
encoding of i1mage data encoded to be a B-picture
immediately following the I-picture or the P-picture 1n
the display order, and substitutes two all-skip B-pic-
tures that each use a bottom field of a previously
displayed picture as a reference field, for data obtained
by encoding the top field and the bottom field of the
image data.

18. A video encoding apparatus that encodes a sequence
image data while predicting an accumulation amount of a
receiver buffer 1n a decoding apparatus, each 1mage data
forming one frame or one field, the video encoding appa-
ratus comprising;:

comparing means for comparing, prior to encoding of
cach 1mage data, a predictive accumulation amount
with a threshold, the predictive accumulation amount
being an amount of data predicted to be accumulated 1n
the receiver bulfer by the time when data obtained by
encoding the 1mage data 1s decoded, the threshold
being set for a picture type of a picture that 1s obtained
by encoding the 1mage data; and

controlling means for (a) canceling the encoding of the
image data and (b) using a proxy code as data that is
fetched from the receiver buifer at the decoding time,
if the amount of data 1s below the threshold and the
picture type 1s a B-picture, the proxy code indicating to
display 1mage data that 1s 1dentical to previously
decoded 1mage data.

19. A video encoding apparatus that encodes a sequence
of 1mage data while predicting an accumulation amount of
a recerver bulfer in a decoding apparatus, each 1mage data
forming one frame or one field, the video encoding appa-
ratus comprising;

comparing means for comparing, prior to encoding of
cach 1mage data, a predictive accumulation amount
with a threshold, the predictive accumulation amount
being an amount of data predicted to be accumulated 1n
the receiver bulfer by the time when data obtained by
encoding the 1mage data 1s decoded, the threshold
being set for a picture type of a picture that 1s obtained
by encoding the image data; and

controlling means for (a) canceling the encoding of the
image data and (b) using a proxy code as data that is

fetched from the receiver buifer at the decoding time,
if the amount of data 1s below the threshold and the

picture type 1s a B-picture or a P-picture, the proxy
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code mdicating to display image data that 1s identical to
previously decoded 1mage data.

20. A video encoding method for encoding a sequence of
image data while predicting an accumulation amount of a
receiver bulfer in a decoding apparatus, each 1mage data
forming one frame or one field, the video encoding method
comprising:

comparing step for comparing, prior to encoding of each
image data, a predictive accumulation amount with a
predetermined threshold, the predictive accumulation
amount being an amount of data predicted to be accu-
mulated 1n the receiver buifer by the time when data
obtained by encoding the image data 1s decoded; and

skipping step for (a) canceling the encoding of the image
data and (b) using a proxy code as data that is fetched
from the receiver bufler at the decoding time, if the
amount of data 1s below the predetermined threshold,
the proxy code indicating to display 1image data that 1s
identical to previously decoded 1mage data.
21. A video encoding method for encoding a sequence of
image data 1n a frame structure, each 1mage data forming
one frame, comprising;:

comparing step for comparing, prior to encoding of each
image data, one of (a) a predictive accumulation
amount of a receiver buftler 1n a decoding apparatus and
(b) an accumulation amount of an output buffer, with a
predetermined standard value, the predictive accumus-
lation amount being an amount of data predicted to be
accumulated 1n the receiver buffer;

skipping step for (a) canceling the encoding of the image
data in the frame structure and (b) substituting a proxy
code indicating to display two fields that each are
identical to one of a top field and a bottom field of
previously decoded 1image data, for data that 1s obtained
by encoding a top field and a bottom field of the image
data, if the amount of data 1s below the predetermined
standard value.
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22. Avideo encoding program for encoding a sequence of
image data while predicting an accumulation amount of a
receiver buller in a decoding apparatus, each 1image data
forming one frame or one field, the video encoding program
comprising:

comparing step for comparing, prior to encoding of each
image data, a predictive accumulation amount with a
predetermined threshold, the predictive accumulation
amount being an amount of data predicted to be accu-
mulated 1n the receiver buifer by the time when data
obtained by encoding the image data 1s decoded; and

skipping step for (a) canceling the encoding of the image
data and (b) using a proxy code as data that is fetched
from the receiver bufler at the decoding time, if the
amount of data 1s below the predetermined threshold,
the proxy code indicating to display 1image data that 1s
identical to previously decoded 1mage data.
23. Avideo encoding program for encoding a sequence of
image data 1n a frame structure, each 1mage data forming
onc frame, comprising:

comparing step for comparing, prior to encoding of each
image data, one of (a) a predictive accumulation
amount of a receiver buifer 1n a decoding apparatus and
(b) an accumulation amount of an output buffer, with a
predetermined standard value, the predictive accumu-
lation amount being an amount of data predicted to be
accumulated 1n the receiver buffer;

skipping step for (a) canceling the encoding of the image
data in the frame structure and (b) substituting a proxy
code indicating to display two fields that each are
identical to one of a top field and a bottom ficld of
previously decoded image data, for data that 1s obtained
by encoding a top field and a bottom field of the 1mage
data, 1f the amount of data 1s below the predetermined
standard value.
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